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(71) We, BOC LIMITED, of Hammer- 
snutii Hous^ London, W6 9DX, England, 
an English company, do hereby declare the 
invention, for which we pray that a patent 
5 may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following 
statement:-— 
This invention relates to a process and 

10 apparatus for cleaning vessels containing a 
pocentialljr explosive gas mixture. 

Many instances arise in t^ich a storage 
vessel can acquire a potentially dangerous 
content of gas. One of the most commonfy 

15 encountered is that of storage tanks for sub- 
stances such as liquid petroleum products. 
These tanks tend to acquire a dangerous mix- 
ture of air and gaseous hydrocaibons upon 
removal of the liquid prochicts and deposits 

20 in the fonn of a scum tend to build-up on tbe 
tank walls. Additional pit>blems, notably the 
build-up of static electndty, arise if the tank 
is on board a sea-going vessel The invention 
is concemed with providing a mediod of 

25 cleaning such tanks which minimizes the risk 
of explosion. 

According to the invention, there is prc>- 
vidcd a method of breaking down deposits 
on the walls of a vessel containing a poten- 

30 tially explosive gas mixture which mediod 
comprises introducing into the vessel Uquid 
whidh is non-combustibie and does not sap- 
port combusdon, (for example, sea water for 
vessels on sea-gomg craft), the liquid contain- 

35 ing or being provided with micro-organisms 
of a type suitable to break-down tiie cteposits, 
and the liquid containing or being provided 
with an oxygen-containing gas so as to en- 
hance the activity of the micro-organisms; 

40 and supplying an inert gas to the ullage ^ace 
in the vessel at a rate to reduce the oxygen 
content of the gas mixture in die ullage space 
to below that which will support combustion. 
Typically, the oxygen content of the gas 

45 mixture in the ullage space is reduced to 
below 5% by volume: The inveation also 



provides apparatus for breaking down deposits 
on the walls of a vessel containing a poten- 
tially explosive gas mixture which apparatus 
comprises means for introducing into the vessel 
a liquid which is non-combustible and does 
not suprport combustion, a source of oxygen- 
contaimng gas and means for introducing such 
gas into the liquid, in use, contained in the 
vessel so as to enhance the acthdty of miao- 
ozganisms existizi^ in use^ in such liquid, 
and a source of inert gas and means to 
supply sudi inert gas to an ullage space 
deSned, in use, between the surface of liquid 
in the vessel and the walls of the vessd. 

The preferred U(^uid is sea water in whidi 
the oxygen-containnig gas will dissolve at 
least to some extent Preferably xht oxygen- 
amtaining gas has a oxygen content higher 
than that of air, and prderably an oxygen 
content of at least 60% by volume. Most 
preferably the oxygen content of such gas 
will be at least 80%, and desirabfy not less 
than 90% by volume. The higher the oxygen 
content the more easily will the gas dissolve 
in water, when used as the aforesaid liquid. 

Preferably the aforesaid inert gas is a 
nitrogen-ridi gas, containing at least 90%, 
and preferably at least 95%, by volume 
nitrogen* 

A convenient plant for providing both 
oxygen-rich gas and nitrogcD-rich gas for use 
in a process acceding to the invention would 
be a pressure swing absorption unit using an 
absorbent which ineferentially adscnbs ei^er 
oxygen or nitrogen from air passed through 
the adsorbent. Preferably a multi-bed adsOT- 
bent unit is used so that substantially con* 
tinuous flows of oxygen-rich and nitrogen- 
rich gas are obtained from the unit. 

However, for many applications oxygen 
and nitrogen rich gases may be supplied and 
stored in liquefied form, e.g. in vacuum 
insulated evaporators (V.I.E) or in cylindere 
in gaseous fonn under pressure. The V.I.B*s 
or cylinders would be located for exampte 
on ate at a land based oil installation and 
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pressurised gas would be ddivcrDd t her e from 
as and when any oil tank required cleaning 
by a process according to the Invention. 

When the aforesaid liquid is water, the 
oxygen-rich gas is preferabfy introduced into 
the water, wfdch fills the ve^, in fine bubble 
form so that a substantial proportion of the 
gas dissolves in the water before reaching 
the surface thereof. A typical concentration 
of the oxygen in the water would be in die 
range 3 to 8 parts per mOlionj for example 
4 ppn. 

Many different methods of introducing the 
oxygen-rich gas into the water can be adop 
acomding to which dissolving of the gas in 
the water is expedited. For examplci if ibt 
vessel is sufficiently deep the gas may be 
introduced at the bottom of die vessel through 
a diffuser in fine bubble form so that the gas 
dissolves before reaching the surface of the 
liquid The gas may be introduced into a 
stream of liquid, usually water, which Is then 
passed into the main body of liquid in the 
vessd. Such stream may be withdrawn from 
the main body of liquid. The gas may be 
introduced into a pressurised stream of water 
60 that the stream contains discrete oxygen- 
ridi gas bubbles of undissolved gas. This 
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water in the vessel under turbulent coi 
so dxat the bubbles of undissolved gaa are 
bn^en into extremely fine bubbles which 
dissolve in, or are consumed within, the body 
of the water before reaching the sux&oe 
thereof. 

Altemadvely, it would be poss9}le to pass 
the stream downwardly through a gas/liquid 
contactor device comprising a hoUocv cham- 
ber of sufficient cross-secdraial area to reduce 
the vdodgr of the stream to prolong gas/ 
liquid contact time^ a stream of liqmd ana 
dissolved gas passing from die cha]i^)er to 
the liquid in the vessel. The chamber could 
be positioned in the liquid in the vessel or 
it could be positioned outside such vessel 
The chamber may have lengths of increaang 
cross-sectional area in the downward direc- 
tion to progressively reduce the velocity of- from each bed during one phase of the 
the flow through the chamber. Only very fine pressure-swing (^de tluoug^ line 14. Durmg 



bubbles carried in the stream should emerge 
from the lower end of the chamber and tfa^ 
bd)bles will readily dissolve in tihe water 
outside the dbsatiber before reaching the suz^ 
face thereof. 
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A Totatable jet may be provided within the 
vessd through wfaidi saia stream is directed 
at high velodty at the walls of the ves8d» 
the jet being rotatable about a genml)y veiv 
tical axis. Tbt jet may also be movable along 70 
such axis or may be motmted for tilds^ as 
well as rotary movement so as to be able to 
direct the jet of oxygenated liquid over sub- 
stantially the entire Inner surface of the 
vessd. 

One embodiment of die invention will now 
be described by way of example and with 
reference to the accompanying drawings in 
^^lidi Figure 1 is a diagrammatic represei^- 
tion of an dl tank fitt^ with apparatus for 
breaking down deposits in the tank aiul cm- 
boc^g the invention; and, Figure 2 is a 
diagrammatic refvesentation of a modified 
form of the sparging nozade equipment of Jbt 
apparatus oi rigure 1. 85 

Refexting to the drawing, there is diown 
an oil tank 10 which may be one of a plu- 
rality of sudi tanks for crude oil whidi 
tanks are provided on an dl tadcer. The 
tanker is provided with thirty or more of 90 
sudi tEuiks. In other embodiments, the tank 
may be part of a land installation^ e.g. at a 
refinery. 

In Older to break down deposits or scuin 
left (m the walls of the tank after the dl 95 
has been removed, the tank is firvt filled with . 
sea water throuj^ pipe 11, which is part of 
a standard sea water ballast supply system 
provided on oil tankers. An ullage spaa 9 
will dways exist above tlie surface of the IQO 
water in which a potentially expbshre gas 
mixture can collect The water contains bac- 
teria whidi break down the dl scum left on 
die walls of the tozik. However, t3ie bacteria 
need a supply of oxygen in order to remain 
^^PJ^.]>^I^^^'^ such scum. A multi-bed 
pre^iire swing adsoiption unit i2 is provided, 
eadi bed contdning an adsorbent wfaidi pre- 
ferentialfy adsoxbs nitrogen, e.g. zeoUtse or 
oxygen e.g. activated carbon, from an air no 
supply. In the example shown, nltruH e n is 
adsorbed and an oxy^en-ridt gas is deuvered 



another phase of the cyde, a nitrogen-ritm 115 
gas is desorbed from the adsorbent beds by 
a vacuum pump and wididrawn liirDu^ line 
16. The cydes of the adsorbent beds are 
timed to be out of phase widi one anodier 



55 The aforesaid stream of water which is such that a substanually continuous flow of 120 
pressurised is preferably withdrawn from the oxygen-ridi gas is delivered through line 14 
body of water in the vesseL Said stream may and a substaxtdally continuous flow of nitrogen- 
be introduced into the water in the vessd rich gas is delivered throu^ line 16,' 
through a movable jet which can be operated The oxygen-rich gas in line 14 is intro- 

60.. y> fiy yt the stream across die walls <rf the duced in fine bubble form into a pressurised 125 

■ ▼ciaal m order to help scour the sludge from stream of water in line 19, which is witfa- 

ibl^ iMk 80 that the micro-organians can drawn from tank 10, in a venturi gas/water 

™*^*iwd%^rrak it down. A method similar mixer 15. The pressurised stream containing 

. :^j^*^Mttibed in our Co-pending Aj^ca* dissolved and undissolvai oxygen-rich gas is 

55 w^ lfoW Ifo, 1504510 can be adopted, introduced into tank 10 thougji nozzles 17 130 
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provided in tubular arms 18 of a q>aiger 
assembly which anns arc fed from a vertical 
conduit 20. The nozzles 17 deliver high vel- 
ocity jets of water and can be arranged and 
5 designed to direct such jets so as to assist 
In scouring the sludge deposited on the walls 
of the tank. The bubbles of gas in the stream 
are shattered Into micro-bubbles most of 
\diich dissolve in the water before reaching 

10 • the surface of the water. The nitrogen-rich 
gas is introduced into the ullage space 9 in 
the tank 10 at a rate to maintain the oxygen 
content of the resultant gas mixture in the 
ullage q>aoe at below 5% by volume so that 

IS the risk of ex|^osion is accordingly gready 
reduced. The ullage space 9 is vented at a 
controlled rate tfarou^ vent 21 to remove 
the carbon dioxide {ntxiuced as a result of 
the break down of the oil deposits. 

20 It will be appcedated that the above des- 
cribed pressure swing adsorption system for 
providing oxygen and nitrogen rich gases is' 
convenient for some appUcaticms, particularly 
on board an oil tanker. However, in other 

25 applications the gases may be supplied in 
liquid or gaseous form from a bulk source 
of such gases^ e.g. a czyogenic ak separation 
plant. Many of the latter applications could 
be land based oil installraon^ eg. ofl 

30 refineries. 

Referring to Figure 2, an alternative spazg- 
ing device for the oxygenated waisr stxtam 
is shown which directs higji velocity streams 
of water over the walls of the tank to assist 

35 in scouring sludge there&xmi. 

The central supply conduit 20 has rotatably 
mounted tiiereon an annular housing 21 in 
which a number of pivotally mounted jets 22 
are carried. The housing 21 Is rotated by a 

40 positive displacement pump 23 of tiie eccen- 
tric piston type which is carried at the lower 
end of condmt 20 and is driven by pressurised 
water taken from die Interior of the conduit. 
The jets are pivoted up and down as the 

45 housing 21 is rotated in order to dhcct high 
velocity streams of oxygenated water over 
the walls of the oil tank. The Jets are con- 
nected through ball and socket joints 24 to 
pushrods 25, the lower ends of which rest 

50 on an inclined surface 26 of an annular cam 
27 suspended from the lower end of the 
conduit 20. 

WHAT WE C3LAIM IS:— 

1. A method of breaking down deposits on 

55 the walls of a vessel containing a potentially 
explosive gas mixture whidi method com- 
prises introducing into the vessel liquid which 
IS non-combustible and does not support com- 
bustion, the liquid containing or being pro- 

60 vided with micro-organisms of a type suitable 
to bresik-down the deposits, and the liquid 
containing or being provided witfi an oxygen- 
containing gas so as to enhance the activity 
of die micro-oiganisais; and supplying an 



inert gas to the ullage ^ace in the vessel 65 
at a race to reduce the oxygen content of the 
gas mixture in die ullage space to below that 
which will support combustion. 

2. A medioa as claimed in dahn 1 wherein 

the oxygen content of the gas mixture in the 70 
ullage space is reduced to below 5% by 
volume. 

3. A method as claimed in dahn 1 or in 
cUihn 2 wherein the liquid is water. 

4. A method as claimed In 'claim 3 wherein 75 
die liauid is sea water. 

5. A method as claimed in any preceding 
claim wherein the oxygen-containing gas has 
an oxygen omtent higher than that of air. 

6. A method as claimed in any preceding go 
daim iniierein the oxygen-containing gas has 

an oxygen content of at least 60% by vohmie. 

7. A method as daimed in any preceding 
claim v^ierein die oxygen contem of the 
oxygen-containing gas is at least 80% by 
volume. 

8. A method as daimed in any preceding 
claim wherein the oxygen content of the 
o^gen-contaimng gas is at least 90% by 
volume. 

9. A method as claimed in sxsy preceding 
claim wherein the aforesaid inert gas is a 
nitrogen-rich gas. 

10. A method as daimed in any ]mc6ding 
daim wherein die inert gas contains at least 95 
90% nitrogen bv vohune. 

^ 11. A method as daimed in any preceding 
claim wherein the inert gas contains at least 
95% nitrogen by vohnne. 

12. A method as daimed in any preceding 100 
claim in which the inert gas is a nitiogen-rich 

gas wherein the oxygen-containing gas and 
the nitrogen-ridi gas are separated from an 
air feedstock. 

13. A method as claimed in claim 12 105 
wherein die air feedstock is separated as 
aforeraid by contacting it widi an adsorbent 
mate rial, wh ich preferentially adsoibs oxygen 

or nitrogen. 

14. A method as claimed in any preceding HO 
daim in whjdi the aforesaid liqmd is water, 
wherein the oxygen-ridi gas is imxoduoed into 

the water, in fine bubble form so that a sub- 
stantial pzx>portion of the gas dissolves in the 
water bdore readiing the surface thereof, 

15. A method as claimed m daim 14 
wherein the gas is introduced at die bottom 
of the vessel through a difhiser m fine bubble 
form so that the gas dissolves before reaching 
die surface of die liquid. 

16. ^ A mediod as daimed in daim 14 
wherein the gas is introduced into a stream 
of liquid which is dim passed imo the main 
body of water in the vessel 

17. ^ A method as claimed in daim 15 125 
wherein the stream is withdrawn from the 
main body of liquid in the vessd. 

18. A mediod as claimed in claim 16 or 
17 whexein the gas is introduced into a pxes- 
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surised stream of water so that the scream 
containing discrece bubbles of undissolved 
gas, the stream bdns intnxluced into the 
water in the vessel under tuibulent condidons 
5 so that the bubbles of undissolved gas are 
broken mto extremely fine bubbles which 
dissolve in, or are consumed within, ttit body 
of the water before readying tbs surface 
thereof. 

10 19. A method as claimed in daim 16 or 
17 wherein gas is introduced into a scream 
of water which passes downwardly doougb 
a gas/liquid contactor device comprising a 
hollow chamber of sufficient cross-secti^ia] 

IS area to reduce the velocity of tise stxtam 
to provide prolonged gas/liquid contact 
therein, a stream of water and dissolved gas 
pasang from the chamber to the main body 
of water in the vessel. 

20 20. A method as claimed in daim 18 
wherein the stream is introduced into the 
vessel through a jet which is moved to direct 
die stream at the walls of tbt vessel to he^ 
scour sludge from such walls. 

25 21. A method of breaking down depodts 
on liie walls of a vessel containing a potea- 
dally explosive gas mixture, substantially as 
herohbef ore described with reference to the 
accompanying drawing. 

30 22. Apparatus for breaking down deports 
on the walls of a vessel containing a potea- 
dally explosive gas mixture whidt apparatus 
comprises means for incrodudng mto die 
vessel a liquid whidi is n(m-Kxnnbustible and 

35 does not support combustion^ a souroe of 
oxym-containing gas and f"*ynff for intro* 
ducmg 9udi gas into the liquid, in use^ om- 
tained in the vessd so as to enhance the 
activity of micro-oiganisms existing;, in use, 

40 in such liquid, and a source of inert gas and 
means to supply such inert gas to an ullage 
space defined, in us^ between the surface 
of liquid , in die vessd and tlie walls of the 
vessel. 

45 23. Apparatus as claimed in daim 22 
wherein die inert gas is a nitrogen-ridi gas^ 
separation means being provided to se{»rate 
an air feedstock into said ATyg^n^fiintamipg 
gas and said nitrogen-zidi ras. 

SO 24. Apparatus as daimed in daim 23 
wherein said separation means indude a bed 
of adsorbent material whidi preferential^ 
adsorbs eitiier oxygen or nitrogen. 

25. Apparatus as claimed in claim 24 
55 wherein ^ud separation means comprise a 

pressure swing adsorption system. 

26. Apparatus as claimed in claim 24 or 
claim 25, wherein said separation means com- 
prise a multi-bed adsorbent system and means 

^ to q)erate sudi system sudi diat the beds 
operate on aboular cjdss v/bSxh are out-of- 



phase whereby substantially continuous flows 
of oxygen-containing gas and nitrogen*rich 
gas are obtained fr^ the system. 

27. Apparatus as daimed in any one of 65 
claims 22 to 26 ^^lerein said means for intro- 
ducing an oxygen-containing gas indude a 
diffuser at, or in the vicinity of, the bottom 

of tlie vessel through whidi the gas is intro- 
duced in fine bubble form, into liquid, in 70 
usei in the vesseL 

28. Apparatus as daimed b any of claims 
22 to 26 wherein said means for incrodudng 
an oxygenHMmtaining gas indude means to 
pass a pressurised stream of liquid into the 75 
vessel and means to introduce bubbles of 
oxygen-containing gas into sudi stream be- 
fore it enters die vesseL 

29. Apparatus as claimed in dahn 28 
wherein said ^ means to pass a pressurised go 
stream of liquid indude a gas/liquia contactor 
device in the fomi of a l^Uow chamber and 
means to pass the stream downward^ through 
sudi diamber. 

30. ^ Apparatus as daimed in daim 29 g5 
wherein said diamber has lengths of increas- 
ing cross-sectional area in the downward 
direction to progressively reduce die vdodty 

of the flow thnnigh die ctonber. 

31. Apparatus as claimed in any me of 90 
daims 28 to 30 wherein ssdd means to pass 

a pressurised stream comprise means to with- 
draw such stream from a body of water in 
die vesseL 

32. Apparatus as daimed in any of claim 95 
28 ^rtierem there is provided in ine vessd a 

jet through whidi said stream is passed, ia 
us^ into the vessd. 

33. Apparatus as claimed in daim 32 
wherein the jet is mounted such that it can IQO 
be moved to direct the stream across the 
walls of the vessel to he^ scour sludge 
therefrom. 

34. Apparatus as claimed in claim 33 
wherein the jet is located within the vessel 105 
and is rotatable about a generally vertical 
axis. 

35. Apparatus for breaking down deposits 
on tlie walls of a vessd containing a poten- 
tially explosive gas mixture, substantiuly as HO 
hereinbefore described with reference to^ and 

as illustrated in, tlie accompanying drawing. 

36. A vessel having apparatus as daimed 
in any one of claims 22 to 35. 

37. A vessel as claimed in daim 36 whidi 115 
isj or is part of, a land based installation. 

38. A vessel as claimed in claim 36 wfaidi 
is mounted on a water-borne craft. 

L. A. BEN-NATHAN, 
Agjcat for the Applicants. 
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